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THE  EFJEOT  OP  &HAVITATIONA1  STRESS 
IfPOjr  TISUJU.  ACUITY 

ZNTSOlXJCTIOir 


With  the  adrent  of  high  perfomauce  jet  and  rocket  propelled  aircraft, 
the  prohleas  of  graritatlonal  forces  and  their  effect  cb  the  htusan  body 
have  Boltlplled.  Boring;  and  imsediatel^  after  World  Var  II,  a  laz^e  amount 
of  research  vas  performed  hy  inveetig'itors  in  this  and  other  countrief  to 
detniTOine  the  effect  of  short  tern  application  (seconds)  of  increased  grav¬ 
itational  force  on  man.(l3).  Kigineerlng  adTEmcee  during  recent  years  bare 
Bade  possible  aircraft  that  can  withstand  tremendous  structural  strains  over 
long  periods  of  time  (ainates),  hut  under  such  tension  the  performance  of 
their  human  operators  may  he  handicapped  hP  gross  disturbances  of  circulation, 
rislon  and  consciousness.  It  is  to  this  problem  of  prolonged  acceleration 
and  its  effect  on  human  vision  that  this  paper  is  addressed. 

Subjective  Effects  of  Acceleration 

The  beneations  occurlng  during  positive  radial  acceleration  are  well 
known  to  pilots  and  to  those  who  serve  as  subjects  in  centrifuge  esperi- 
ments.  Relaxed  subjects  seated  in  an  upright  body  position  experience  din¬ 
ning  of  vision  (amblyopia)  at  3  to  4.9  g,  loss  of  peripheral  vision  (tuiael 
vision)  at  3«5  e  to  5  g#  complete  blackout  (amaurosis  fugai)  at  4  to  5*5  g 
a:  d  true  unconsciousness  between  4.5  and  6  g  (I3).  lambert  (17)  has  shown 
that  centrlfugtJ.  force  inducee  visual  symptoms  by  causing  a  decrease  in  ar^ 
terlal  pressure  at  eye  level.  Wnen  the  normal  arterial  pressure  is  inadequate 
to  overcone  the  increased  effective  weight  of  the  blood,  Impalracnt  of  circu¬ 
lation  and  unconecleusness  result.  The  return  to  coa-sclousness  may  require 
as  long  as  60  seconds  and  is  generally  accompanied  by  disorientation.  If  the 
rang.t  of  the  force  environment  is  less  than  that  required  for  unconeciousness, 
normal  vision  occurs  in  3  to  5  seconds  after  the  force  abates  (13)> 

Another  factor  which  influences  the  effect  of  g  on  the  tauaaa  body  is  , 
the  duration  of  the  g  force.  At  least  Xo  h  seconds  are  required  to  pro¬ 
duce  symptoms  for  forces  up  to  10  g  and  these  symptoms  will  develop  fully 
during  4  to  10  seconds  of  expoturc.  However,  when  moderate  force  (3-5  to 
5  g)  is  maintained  beyond  this  'Ime,  these  sj’mptome  are  llkoly  to  aba;.'  due 
to  the  vasopressor  response  (20) - 

Hethods  for  Ameliorating  Effects  of  Acceleration 

Paralleling  the  research  on  ti’.e  effects  of  acceleration  on  m.'\a  is  a 
program  concerned  with  the  aaeliot^tloa  of  those  effectu.  The  military  soiv. 
vices  have  developed  anti-g  suite  »  Jlch  ha’s®  been  h.ighly  effective  in  raising 
man’s  g  tolerance  by  mechanical  meaus. 

In  addition  to  the  g  suit,  there  are  other  means  by  which  we  c.mi  t.'^Iss 
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man*8  tolerance  to  centrifugal  force.  One  of  these  involves  changes  in 
body  position  so  that  a  red\;ction  occurs  in  hydrostatic  distance  between 
the  heart  and  the  eye.  Currently  under  investigation  are  the  prone, 
supine  and  semisupine  body  positions.  In  the  prone  end  supine  positions, 
the  vertical  distance  between  heart  and  head  are  reduced  almost  to  sero, 
end  accordingly  gravitational  stress  does  not  appreciably  reduce  cerebral 
arterial  pressure  (19) •  iQ  these  positions  man  can  withstand  sustained 
forces  in  excess  of  12  g  without  experiencing  the  visual  sympto'ns  that  us¬ 
ually  occur  with  an  increase  in  the  force  environment  (  8).  When  the  eub^ 
ject  has  assumed  the  prone  or  eupine  protective  positions,  positive  g  is 
translated  Into  transverse  g.  That  is,  the  forces  are  applied  at  right 
angles  to  the  long  axis  of  the  body.  In  anticipation  of  some  of  the  prao- 
ileal  difficulties  ox  flying  from  these  positions,  consideration  is  being 
given  to  the  seminrxpine  position.  In  the  semisupine  position,  a  reduction 
in  g  tolerance  occurs  which  is  proportionate  to  the  increased  hydrostatic 
distance  between  the  heart  and  the  eye  (21). 

Human  Factors  and  Prolonged  loeeleratlon 

The  perforaiance  eharacterletlos  of  proposed  aircraft  have  presented 
a  whole  new  range  of  problems  that  are  different  in  mi^nitude  and  kind  from 
those  that  were  of  concern  in  the  immediate  past.  Tor  example,  the  physio¬ 
logical  problems  of  attaining  the  escape  velocity  for  a  •’free*  ride  through 
apace  would  be  simple,  were  it  not  for  the  mechanical  ones.  Tor  Intsleuioe, 
a  3  e  acceleration  for  91/2  minutes  would  ~ive  an  escape  velocity  satie- 
factoiy  in  terns  of  human  factors,  but  mechanically  costly  from  the  stand¬ 
point  of  fuel  economy.  The  reverse  would  be  true,  however,  of  a  30  g  accel¬ 
eration  for  UU  seconds.  This  would  give  a.  escape  velocity  which  might  be 
mechanically  sound  but  would  be  physlologlcedly  unwise.  Additional  physio¬ 
logical  research  is  being  tindertaken  in  an  effort  to  obtain  information  about 
the  parameters  of  bviaan  circulation.  Inglneers  responsible  for  the  develop¬ 
ment  of  high  performance  aircraft  have  presented  tc  aero  medical  speeiallete 
the  tentative  specifications  of  new  airframes  and  are  seeking  an  understand¬ 
ing  of  the  relationships  that  exist  between  psycho-physieal  performance 
and  prolonged  accelerative  forces.  The  underetandii^  of  these  relations 
ships  ie  at  important  to  the  aerodynamiciet  as  are  the  physical  parameters 
of  the  proposed  aircrait,  for  the  entire  system  ie  ultimately  dependent 
upon  the  human  operator. 

Perception  and  Psychomotor  Function  as  Affected  by  0 

From  the  psychological  point  of  view,  veiy  little  Is  known  about  the 
parameters  of  nerceptien  and  psychometor  functions  ne  they  are  affected  by 
accclcititive  foi-utss.  The  pioneering  European  research  reviewed  by  Armstrong 
and  Heim  (2)  was  concerned  with  gross  visual  changes  —  peripheral  dimming, 
blackout  and  "red-out"  —  that  were  experienced  durii^  acceleration.  Can- 
field  ( U  )  has  recently  reviewed  research  performed  at  the  U&lvcrslty  of 
Southern  California  relating  gravitational  stress  to  various  aspects  of 
performance:  a)  ability  to  applj'  forces  to  a  control  stick,  b)  ability  to 
make  reaching  movements  with  the  luind  and  arm,  .  c)  simple  and  ccmnlex  rooction- 
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4)  spatial  orientation,  ande)  perceptual  speed  ability.  The  re¬ 
sults  of  this  latter  study  are  gertnane  to  this  paper.  Comrey,  et  al., 

(  7)  in  dlBCu?eltV5  their  findings  on  perceptual  speed  ability  points  out 
that  acceleratire  foreee  at  high  as  h  g  have  little  effect  on  the  ability 
to  note  minor  differencet  in  visual  detail.  Tn  a  later  paper  ( 5 )  this 
generalisation  it  a»ea4:»4  to  read,  "PoBsibilities  of  raduoed  visual  acuity... 
are... unlikely. "  To  moke  such  a  generalisation  seems  inadvisable  when  one 
realises  that  perceptual  speed  ability,  and  hence,  visual  performance,  was 
measured  through  the  use  of  test  items  similar  to  those  in  the  Oullfordf* 
Zimmerman  j^titude  Survey.  Such  a  survey  test  ie  not  a  good  measure  of 
acuity  at  the  differences  in  visual  details  eje  well  above  the  threshold 
values  given  for  miniinui  separable  acuity. 

The  effects  of  moderate  values  of  g  with  specific  reference  to  instru¬ 
ment  reading  have  been  reported  V  Varriek  and  l«nd  (26),  They  found  that 
reading  errore  increaaed  from  18  per  cent  at  I.5  g  to  per  cent  at  3  £• 
This  perfomanee  decrement  was  interpreted  in  tezuie  of  a  reduction  in  cere¬ 
bral  blood  supply,  in  alternate  interpretation  of  theee  resulte  ie  discue- 
■ed  later  in  thie  paper. 

The  literature  in  thie  area  of  study  hae  recently  been  reviewed  by 
Qerathevohl  (10)  in  an  attempt  te  arrive  nt  some  theoretical  conclusions 
concerning  the  interaction  of  the  proprioceptive  and  visual  senses  under 
conditions  of  sub  and  varo  gravity.  Hs  coacludse,  nfter  surveying  the 
anatomiecl  and  physiological  data  on  the  eye  in  relation  to  positive  and 
negative  acceleration  that  the  eye  is  affected  bit  indirectly  by 
mechanical  foreee."  In  hie  evaluation  the  only  chaxtges  in  vision  which 
are  likely  to  occur  in  an  inereaeed  force  environment  are  those  directly 
attributable  to  a  failure  of  circulation  to  the  head.  Such  an  evaluation, 
however,  teeme  premature  when  one  considers  the  anatomy  and  physiology  of 
of  the  visual  apparatus.  Tor  mxample,  the  exactitude  of  the  optical 
imagery  of  the  eye  is  dependent,  within  a  fraction  of  a  millimeter,  on 
such  mea::uree  as  the  length  of  the  eye  and  the  shape  of  the  cornea  and 
the  lens.  It  would  be  strange,  indeed,  if  a  progressive  obai^  in  the 
force  environment  did  not  result  in  a  similar  change  in  visual  performance, 
when  that  perfonanee  ie  measured  independently  of  cerebral  cinmlatory  coa- 
petenee  during  gravitational  etreee.  Also,  it  appears  unlikely  that  optical 
Imsgery  could  be  maintained  adequately  in  a  stress-producing  environment 
where  the  poeitions  of  the  optical  elements  may  be  changed,  where  anomalies 
of  the  refractive  surfaces  may  occur  or  where  the  elements  may  be  moved 
obliquely. 


PUBPOS* 

It  is  tbs  purpose  of  this  study  to  determine  the  relation  between  in^ 
creased  gravitational  force  and  visual  acuity  when  the  factor  of  reduced 
cerebral  circulption  is  Elnimlcsd  iy  ths  use  of  protective  measures  known 
to  ameliorate  the  gross  visual  symptoms  associated  with  an  increase  in  the 
force  envi rorunant .  In  other  words,  when  cerebral  circulation  is  maintained, 
what  will  be  the  effects  of  centrifugal  force  acting  directly  upon  the  eye¬ 
ball?  It  is  the  general  thoeis  of  lids  and  future  aturllen  of  this  subject 
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that  stress  developed,  in  the  experimental  eitiiation  may  clarify  certain  vis- 
'jal  mechanisms  which  would  otherwise  be  difficult  to  examine.  The  experimen~ 
tal  variables  in  those  studies  would  have  specific  reference  to  flights  that 
may  place  man  outside  the  earth's  gravitational  field,  but  the  results  of 
these  studies  maj’  also  be  applicable  to  the  understanding  of  human  senses  and 
the  role  they  play  in  the  attainment  of  knowledge  and  regulation  of  behavior. 

JffifHOD 

Visual  acuity  was  cele;c.d  for  mvesurenent  because  this  function  is 
largely  dependent  on  the  perfection  of  the  retinal  image  as  it  is  formed  by 
the  optical  system  of  the  eyeball. 

Apparatus 

The  Aero  Medical  Laboratory  human  centrifuge  (13}  used  in  this  study  Is 
pictured  in  Figure  1.  This  centrifuge  produces  radial  acceleration  in  exact¬ 
ly  the  same  manner  as  does  a  turning  aircraft.  A  rotating  boom  carries  the  cab 
around  in  a  hcrisontal  circle.  The  cab  is  free  to  pivot  on  a  horisontal  axis 
tangent  to  the  circle  of  rotation  of  the  boom.  As  the  speed  of  the  rotation 
of  the  boom  increases,  centrifi^al  force  causes  the  bottom  of  the  cab  to  swing 
outward  and  upward  toward  the  horisantal.  Thus,  the  g  forc'*  may  be  applied  to 
any  axis  of  the  subject's  body  by  the  proper  placement  of  his  body  in  the  cab. 


?'i„-ure  i.  The  Asro  Medical  laboratory  fluman  Centrlfxige 
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Visual  acuity  vas  mer,cur<*rt.  with  the  checkeiboard  targets  that  are 
standard  wltli  the  Bausch  and  lonili  Ortho-Rater  (15)  •  The  Oitho— Rater  was 
selected  fo"  use  in  this  experiment  because  i-  is  a  standard  re3f— adminis¬ 
tered  visual  test  battery  (12),  it  gives  renroducible  scores  (ih),  and  haa 
a  high  loading  on  a  factor  that  has  been  named  "retinal  resolution"  (3).* 

In  this  instrument  a  testing  distance  of  ',l6  feet  (far)  is  simulated  optical¬ 
ly  rfhile  the  near  reading  distance  is  I3  Inches.  Binocnilar,  right  and  left- 
eye  acuity  were  measured  at  the  near  eoid  far  positions.  Tho  visual  angles 
subtended  by  the  critical  detail  vary  by  equal  steps  on  a  decimal  visual 
acuity  scale  (reciprocal  of  visual  angle)  from  0.1* to  1.5  (20/200  to  20/13). 
A  photograph  of  the  slide  for  testing  the  right  eye  is  shown  in  Figure  ?, 


Figure  2.  The  Checkerboard  Slide  Used  in  Testing  Far,  Right  Jfy*  Acuity 

Two  modifications  were  made  to  the  Ortho-Rater.  One  of  these  enabled 
the  safety  observer  who  rode  in  the  center  of  the  centrifuge  to  place  the 
slides  according  to  a  prearranged  schedule,  while  the  second  involved  a 
180  degree  rotation  of  the  test  slides  and  viewing  box  so  that  the  instru¬ 
ment  could  be  inverted  to  accomodate  the  semlsuplne  subject.  From  the 
point  of  view  of  the  anparatas,  the  only  essential  differentiations  between 

these  n^—n-nf  ....  .....  .u...  -  ...  . 

,,  ‘  X-  ,  ^ . .  —  - v/.c,  »..u6o  iotjuAitju  so  mainsnia  sne 

lines  of  visual  regard  through  the  center  of  the  lenses  and  in  the  proper 


’The  term  "retinal  resolution"  does  not  seem  to  be  an  appropriate  name  for 
a  factor  that  has  bsen  extracted  from  a  visual  tes.".  buttery  designed  for  the 
measuronent  of  li!ip.4lrment  of  acuity  associated  with  oucorrecvcd  ametropia. 


WADC  TR  '^6-2^7 


5 


angular  relation  to  the  direction  of  the  accelerative  forceti.  Tigure  3 
ie  a  graphic  display  of  the  body  poeitione  and  g  valnee  used  in  thie  study: 
in  the  prone  and  supine  positions  the  lines  of  regard  are  parallel  to  the 
direction  of  the  icrces,  whJie  in  the  seated  and  senisupine  positions  the 
lines  of  regard  are  at  right  angles  to  the  direction  of  increased  force. 

Verbal  responses  made  hy  the  subjects  during  an  experimental  session 
were  placed  on  a  megnetic  tape  recorder.  These  recordings  were  later 
played  back  and  two  independent  listeners  recordv»d  the  subjects’  scores. 
These  scores  were  compared,  and  points  of  atsagreement  were  settled  by 
repeated  playings  of  the  tapes.  The  number  of  uisegroements  was  small  and 
was  usually  caused  by  the  presence  of  high  ambient  noise. 


figure  3.  The  Body  Positions  and  G  Values  Used  in  the  Study. 

The  relation  between  the  lines  of  visual  regard  and 
the  Crthc^Hator  can  be  seen  nice* 
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Subjects 


la  this  stud^-,  eight  male  subjects  and  one  female  subject  verc  used. 
Their  ages  were  between  23  and  30  years.  This  age  range  is  below  the  age 
generally  reported  for  the  onset  of  presbyopia.  As  there  are  many  factors 
incident  to  riding  the  centrifuge  other  than  simple  increase  in  g  force, 
only  those  persons  with  considerable  centrifuge  experience  were  selected 
ae  subjects.  The  number  of  people  who  could  meet  this  qualification  was 
small  and  even  fewer  persons  were  arallable  for  testing  at  the  tioee  the 
indlv' iual  experiments  reported  in  this  paper  were  being  conducted .  The 
other  restriction  places  on  the  subjects  was  that  thsy  hare  an  uncorreeted 
yisual  acuity  of  20/20  in  both  eyas.  Ttor  these  reasons  no  effort  was  made 
to  select  a  grotq)  of  subjects  which  was  r^resentatire  of  any  particular 
segment  of  the  population. 

The  awerege  acceleration  at  which  blackout  oi.-eurr«d  in  this  group  of 
subjects  when  no  protection  was  used  and  when  in  the  seated  body  position 
was  4.1  g  with  a  standard  deviation  of  .89  g.  Vhen  ridiig  in  the  seated 
position  In  the  test  situation  all  subject*  wore  the  standard  Air  force 
Havy  G~4A  g  suit  which  raised  the  average  blackout  threshold  by  1.7  g. 

The  initial  selection  of  aubjeevj  was  made  by  using  the  Ortfao-Bater 
test  battery.  Those  eandidatee  who  had  uncorreeted  acuity  of  20/20  on  this 
instnaient  were  referred  to  a  competent  professional  groTO  for  further 
test  of  vieion.  The  results  of  the  Ortho-^ter  teste  did  not  disagree  with 
later  clinical  evaluations. 

All  subjects  were  given  a  complete  ocular  evnlxiation  which  consisted 
in  part  of  manifest  and  cyclcplegie  refractions.  The  results  of  this 
clinical  evalxu>.tloB  showed  that  all  subjects  were  free  from  ocular  diseases 
and  had  a  visual  acuity  of  20/20  or  greater.  Individual  results  are  indi¬ 
cated  in  Tables  1  and  2.  More  than  one  week  was  allowed  to  lapse  between 
the  clinical  evaluation  and  the  experimental  runs  on  the  centrifuge  so 
that  any  residizal  effect  from  the  cycloplcgic  drug  would  be  completely 
dissipated. 


Procedure 

On  the  osy  prior  to  the  first  experimsatal  rids  on  the  centrl.^e, 
each  subject  was  individually  indoctrinated  eonetnlag  the  test  proesdure 
and  given  a  practice  ride  on  the  eentrifcge.  Xaeh  subject  was  shown  a 
photograph  of  a  slids  and  was  instructed  as  to  what  hs  might  expect  to  see 
in  the  Ortho-Hater,  finally,  each  subject  was  informed  that  when  riding 
the  centrifuge  it  would  be  his  task  to  report  the  location  of  as  many  of 
the  checkerboard  targets  as  possible. 


VADC  TR  56-247 


7 


Table  1 


Information  Concerning  the  Snbjeote 


Ueed  in  Tble  Study 

§aoAsg.l. 

kA 

Poeitlon 

Blackout 

Ortbo^Bater 
Acuity  Seo» 

CAD 

29 

P.S.Su.SS.A 

4.2 

CD  20/20 

OD  20/20 

08  20/20 

0J£ 

24 

Su.SS. 

4.4 

OD  20/20 

OP  20/20 

06  20/20 

BIM 

27 

P.SS.Stt. 

3.6 

00  20/15 

OD  20/15 

08  20/15 

m 

23 

P.s,Su. 

3.8 

OD  20/15 

OD  20/15 

OS  20/15 

IS 

23 

p. 

Unkaovn 

OD  20/15 

OD  20/15 

OS  20/15 

JB 

24 

p. 

Unknown 

OD  20/15 

OD  20/15 

OS  20/15 

JAS 

28 

S.Su.SS. 

4.2 

OD  20/15 

OD  20/15 

OS  20/15 

IXM 

30 

s.ss. 

4.6 

OD  20/15 

OD  20/15 

OS  20/15 

BK 

24 

s. 

3.8 

OD  20/15 

OD  20/15 

OS  20/15 

•P  -  Prone  kperleent,  S  -  8-at«d  Sspcrieent,  an  -  Supine  Ixperiaent 
S5  -  Sealeuplne  Xxpericent. 
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Tel)!*  2 


Hesulte  of  th9  Clinical  Eraluatiou 
of  the  Subjects  Used  in  the  Study 


- Maalfejt  Befraetion  Cycioulegic _ 

SikiSSi.  §ShSI«  Oil  isil  Aeaity  Sphere  Qy;  aS&M.  Aevitv 


cr  0.5c  0.25X  90 
OS  0.50  0.25X  90 


20/15  OD  1.00  0.25X  90 
20/15  OS  0.75  0.25.t  90 


20/15 

20/15 


OD  1.00  0.75x  10 

OS  0.75  0.50X  175 


20/15  OD  1.00  0.75X  5  20/15 
20/15  OS  1.00  O.5CX  175  20/15 


OD  0.75 

OS  0.75 


20/15  OD  0.75 
20/15  OS  0.?5 


20/15 

20/15 


OD  1.00  O.5OX  180 
OS  1.00 


20/15  OD  1.25  0.25X  180  20/15 

20/15  OS  1.00  20/15 


Unknown 


Unknown 


Unknown 


Unknown 


OD  0.50  0.25x  85 

OS  0.25 


20/15  OD  0.5)  0.25X  85  20/15 

20/15  OS  0.25  20/15 


20/15  OD 
20/15  OS  0.25 


20/15 

20/15 


OD  0.50  C,50i  175 
OS  0.50  o.25x  15 


20/15  OD  0.50  O.5OX  180  20/20 

?n/15  OS  0.50  O.5OX  5  20/20 
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Following  thio  indoctri nation  the  subject  was  glTcn  a  practice  ride 
under  1  g  conditions  wjich  duplicated  the  conditions  of  the  experiment  in 
every  respect.  After  the  subject  had  placed  himself  cn  the  bed  or  scat, 
adjustments  were  made  so  that  he  was  looking  through  the  center  of  the 
lenses  in  the  instrument,  ‘.’’he  experimenter  took  his  poeition  in  the  con¬ 
trol  room  and  chocked  tae  operation  of  the  two-way  communications  system. 

The  room  lights  were  turned  off  and  «\  few  seconds  later  it  was  annoiinced 
to  the  subject  that  the  terminal  g  nad  been  reached  and  that  he  was  to 
begin  reading.  The  experimenter  checked  each  response  as  It  came  over 
the  loudspeaker  as  correct  or  Incorrect  according  to  the  key  evipplled  with 
the  Crtho-Eater.  This  cheek  was  in  addition  to  the  tape  recording  of  ail 
verbal  communication  carried  on  during  the  experiments.  After  completion 
of  tho  three  acuity  tests  the  subject  wes  told  that  he  was  being  "brought 
down."  After  a  five  minute  rest  period  he  was  returned  to  g  conditions 
for  further  testing  under  the  condition  of  rear  or  of  far  acuity  as  the 
schedxile  required. 

The  test  procedure  for  measuring  visual  cuity  during  the  experiments 
differed  in  tho  following  important  respects  from  that  recoimnended  in  the 
Ortho-Bater  manual: 

1.  The  position  of  the  subject's  body  varied,  as  did  the  g  forces, 
compared  with  the  instruction,  "...the  subject  will  be  seated  com¬ 
fortably..."  Instrument  and  subject  were  placed  sc  that  the  lines 
of  visual  regard  were  either  parallel  or  at  right  angles  to  foi'ce 
of  gravity,  according  to  body  position. 

2.  Each  individual  score  was  detemiined  by  the  last  item  read  coi^ 
rectly  before  the  first  error  was  made.  This  is  la  contrast  to  the 
recommended  scoring  "...answer  incorrectly. . .two  items  in  succession.* 
This  scoring  procedure .was  selected  on  the  basis  of  the  oDservation 
made  by  Sloan,  et  al.,  (24)  that  the  recommended  meth^rt  of  scoring 
overestimates  the  acuity  of  many  subjects. 

3.  As  there  was  complete  counterbalance  between  near  and  far  measure¬ 
ments  the  standard  presentation  sequence  was  not  used,  nor  were  the 
recommended  test  questions,  due  to  the  impracticpbility  of  axhalnis- 
tering  them  in  this  situation.  The  acuity  test  sequence  of  binocular, 
right  end  left  eye  was  always  used. 

On  the  dty  foxlovlng  the  indoctrination  session  and  practice  run  ths 
instructions  were  repeated  in  an  abbreviated  form  for  tho  actual  experiment. 
The  subjects  appeared  to  \inderetand  their  part  of  the  task.  The  subjecte 
were  not  informed  of  the  gravity  conditions  they  would  experience  while  .mr- 
tlclpatlng  in  the  study.  Neither  were  t.hc  subjeclu  told  of  their  scores  at 
the  various  gravity  levels  nor  how  they  compared  with  each  other. 

subjects  in  this  study,  as  can  be  scon  in  Plgiire  3.  were  exposed 
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to  a  force  environment  rnnsinf  from  1  to  8  g.  Two  factors  set  the  upper  g 
value  for  any  one  oxperim<^nt.  The  first  had  to  do  with  the  I'elation  between 
vieual  dimtaiag  end  the  averjjge  accelerative  force  required  tt  produce  this 
•ymptoB.  In  view  of  previously  cited  evidence,  it  is  obvloue  that  at  excee- 
eively  high  g  values,  all  visual  functions  will  he  impaired.  It  was  decided, 
for  the  purposes  of  this  study  that  the  highest  g  value  to  he  used,  for  each 
body  position,  remain  at  least  one  g  helow  that  value  at  which  peripheral 
dimming  would  occur.  The  second  factor  oonoemed  the  comfort  of  the  euhjeet. 
In  the  prone  poeition  no  visual  symptoms  have  been  reported  at  12  g,  however, 
nasal  drip,  mouth  watering  and  difficulty  In  breathing  tend  to  raaVe  a  subject 
uhcoiufcrtable.  In  an  attempt  to  ainimise  extraneous  variables,  no  attempt 
was  made  to  reach  the  maximum  force  attainable  in  any  one  of  the  protective 
body  positions. 

The  g  sequence  for  each  subject,  In  three  of  the  four  experiments,  vat 
determined  by  u^e  of  a  table  of  random  numbers  as  was  the  order  in  which  sub¬ 
jects  were  tested.  In  the  experiment  In  which  the  prone  position  was  used, 
the  g  sequence  for  all  subjeete  was  1,  6,  2,  4  and  8.  The  testing  order  for 
eubjeete  was  randomised.  The  body  positions  used  in  this  study  were  prone, 
seated,  eupine  and  semi supine,  and  the  individual  experiments  were  conducted 
in  this  order.  In  the  prone,  supine  and  semisupine  positions,  the  torso  of 
the  subject  w.as  tilted  20  degrees  with  respect  to  the  floor  of  the  cab,  the 
shoulders  being  higher  than  the  hipe.  In  the  latter  position  the  head  was 
flexed  forward  with  the  chin  almost  on  the  chest.  The  seated  position  is  the 
cuetomary  position  taken  when  seated  in  a  chair. 

The  technique  and  procedure  for  measurii^  acuity  was  the  sene  In  each 
of  the  four  experiments.  In  all,  six  different  acuity  measures  were  made 
on  each  of  the  five  subjeete  in  each  experiment:  binocular,  right,  and  left 
eye  acuities  at  both  near  and  far.  Complete  counterbalance  of  the  near  and 
far  distaneee  was  maintained.  In  <ui  effort  to  ainimise  fatigue  and  after  ef¬ 
fects  of  acceleration,  the  aModmum  g  runs  were  held  to  about  a  one  minute 
duration  while  the  Intermediate  g  values  were  of  several  minutes  duration. 
With  this  reduction  in  tine  of  exposure  to  high  g,  it  was  possible  to  test 
on?y  near  and  far  binocular  acuity. 

It  has  been  shown  (20)  that  if  one  starts  with  a  slow  onset  of  g  it  is 
possible  to  avoid  the  visual  symptoms  associated  with  sudden  acceleration. 

In  fact,  it  is  possible  to  reach  5  S,  unproteoted  \inder  these  conditions. 
Therefore,  in  all  of  the  experimental  runs  the  bolldup  r>f  acceleration  was 
arranged  eo  as  to  take  advantage  of  increased  g  tolerance  assoeiatod  with 
the  slow  onset  of  an  lacrcaslag  gravitatloral  force. 
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In  the  fsllcvisg  report  of  rvaulis  all  acuity  values  are  expressed  as 
moans  of  the  individual  subject's  scores.  The  acuity  values  shown  in  the 
tables  and  graphs  are  expressed  la  decimal  notations.  Visual  acuity  in 
this  notation  is  equal  to  the  reciprocal  of  the  visual  tuigle.  Xaoh  Indivld- 
t^al's  acuity  coo re  was  determined  by  the  last  item  read  correctly  before 
the  first  error  ./as  made. 
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£3:psrir.ent  1:  Prone  Position 


Ta1)le  3  contains  the  neans  and  standard  deriations  of  the  Tisual  anuitj 
scores  hy  g  level  when  this  function  is  neasured  with  the  subject  in  the 
prone  body  position.  The  acuity  scores  reported  under  1  g  conditions  are 
the  results  of  combining  data  obtained  at  two  different  times.  Sooxee  were 
obtained  both  at  1  g  (centrifuge  stationary),  as  part  of  the  sequence  of 
gravity  conditlone,  and  also  at  1  g  iassdiately  following  each  experimental 
run-  The  difference  between  the  means  of  these  two  sete  of  acuity  sooree 
was  examined  by  the  t  test  and  was  not  found  to  be  eignifioant.  It  was  for 


ditional  data  was  not  oontined  In  subsequent  experlmente. 


Figure  h  ie  a  graph  of  the  mean  binocular  acuity  sooree  plotted  i^ainst 
the  gravity  forces  used  in  the  first  e:Q:eriBent.  At  1  g  the  scan  far  acuity 
is  1.15  and  the  near  acuity  is  1.10.  The  final  points  on  the  graph  are 
as  follows:  near  acuity  0.-56,  far  acuity  0,5k,  If  we  ooneider  that  the 
visual  angle  subtended,  by  the  last  item  read  correctly  under  8  g  conditlone, 
is  1.8  minutes  of  are  and  that  the  visual  angle  of  the  last  correct  item, 
under  conditlone  of  1  g,  is  O.9I  minuiee,  then  the  graph  shows  that  at  8  g 


Table  3 


Meane  and  Standard  Deviations  of  Visual  Acuity  Scores  by 
G  Level  for  Prone  Position  (Bb5) 


Lx _ 1 

2 

A _ 

1  i _ 

8 

l|yes 

Mean 

^7 

Kean 

IJ). 

Mean 

Nese 

S.D. 

Mean 

S.D. 

Both 

1.15 

.04 

.92 

.15 

.74 

.10 

..64 

.23 

.54 

.10 

FAd 

Eight 

1.15 

.06 

.90 

.15 

.82 

.10 

.02 

.19 

Left 

1.05 

.17 

.92 

.19 

.74 

.05 

.62 

.16 

Both 

1.10 

.06 

.94 

.10 

.80 

.09 

.78 

.04 

.56 

.16 

HSAd 

Bight 

1.09 

.05 

.98 

.07 

.84 

.08 

.74 

.08 

Lift 

1.10 

.05 

.96 

.10 

.8C 

.10 

.72 

.04 

a  target  must  subtend  a  visual  angle  twice  as  large  as  that  required  for  ree> 
olution  at  1  g.  Figure  5  shows  graphs  of  mean  right  and  left  eye  acuity. 


The  results  of  an  analysis  of  variance,  performed  on  all  but  the  8  g 
acuity  scores,  are  shown  in  Table  4.  The  binocular  scores  at  8  g  in  this 

<»•»  ^  Aw  w  A  A  •  ^  A..  - 

tsaat*  Aaa  |»us#wv«(%am»«4'  AAeMvaam*  Wfvav  vsaa  aavmi  vtitF  Otutigr  Via*  ^  ItAMvV 

able  values  of  g  were  not  used  in  the  measurement  of  right  and  left 
acuity.  The  statistical  procedures  used  in  aeleetlag  the  denominator  for 
the  F  ratios  are  those  reoowended  by  Nentser  (22).  Xxewination  of  F  ratios 
in  Table  4  show  that  aeceloration  and  snbjeete,  one  second  order  interaotion, 
and  one  third  order  interaction  make  significant  oontributions  to  the  vari¬ 
ance  of  the  acuity  mev nurse. 
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Figure  A.  Means  of  the  Binocular  Acuity  Scores 
at  Bach  Gravity  Condition 

Table  A 

An' lysis  of  Variance  of  Binocular*  Bight  %e,  and 
left  iiye  Visual  Acuity  Scores  for  Prone  Body  Position 


IgaKgg. _ ^ _ tfean  Square _ F 


Accelerations 

97.56 

39.98** 

Subjects 

4 

13.08 

5.36* 

Dietancss 

1 

9.03 

1.63 

iycs 

2 

.3^ 

.45 

AxS 

12 

2.44 

9.04** 

AxB 

3 

F.59 

i.i4 

SxD 

4 

5.5^ 

2.44 

Ax£ 

6 

f'O 

i.«-i 

SxB 

8 

.75 

1.83 

IhcS 

2 

.5^ 

.^3 

axSxD 

12 

2.27 

8.41** 

Ax5x£ 

OU 

.41 

1.52 

AxDxE 

6 

.52 

1.93 

SxUcS 

8 

1.25 

4.63** 

ArS.xJDtE 

24 

.27 

•P  S.o*; 

♦•p  >.ni 
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'ISUAL  ACUtrr  (Oec/MAL  NOTATION) 


Since  hinoculrr  visual  acuity  is  nci'e  representative  >f  normal  visual 
functions,  a  separate  analysis  w«\s  made  of  these  acuity  scores.  In 
Table  5  is  shovm  the  F  ratios  resulting  from  an  analysis  cf  the  binccular 
data.  In  this  analysis  the  significant  contributors  to  the  total  variance 
of  the  acuity  scores  are  acceleration  and  subjects.  These  F  ratios  are 
sign? fi lent  beyond  the  1  per  cent  level  of  confidence.  The  assumption  of 
homogeneity  vas  tested  by  Coebran's  test  and  found  tenable.  This  assump¬ 
tion  is  also  tenable  ."or  subsequent  experiments. 


Table  5 

Analysis  of  Variance  of  the  Binocular  Visual 
Acuity  Scores  for  Prone  Body  Position 


Source  of  Variation  df _ Mean  Square 


Accelerations 

b 

b7.76 

Subjects 

b 

3.2b 

Distances 

1 

1.71 

AxS 

16 

1.26 

SxD 

b 

l.bd 

AxD 

b 

1.26 

AxSxD 

16 

.96 

_ 

T7.90* 

6.5b* 

I.l6 

1.31 

1.5b 

1.31 


P*  >.01 
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RIGHT  EYE  ACUITY 


- •  HEAR  acuity 

— <5  FAR  ACUITY 
N.5 


2  3  4  5  6  7 
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Fl/rure  5.  Means  of  the  Right  and  Means  of  the  Left  i^rs 
Acuity  Scores  nt  Each  Oravity  Condition 
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Ibcperlment  Seated  Tosition 


The  visual  acuity  data  cbtained  with  the  ruh.jecta  in  the  seated  h.'dy 
position  are  shown  praphlcelly  in  Figures  6  and  7,  and  in  tabular  foni  in 
Table  6. 


Table  6 


Means  and  Standard  DsTiatlons  of  Visual  Acuity  Scores  by 
0  Level  for  Seati.d  Position 


Gt  Values 

1 

2 

3 

4 

I^es 

Mean 

S.D. 

Mean 

Mean 

S.D. 

Mean 

S.D. 

Mean  S.D. 

Both 

1.16 

.10 

1.04 

.10 

.94 

.17 

.98 

.07 

.78  .15 

FAR 

Right 

1.12 

.10 

.94 

.10 

.82 

.07 

.84 

.07 

Left 

1.18 

.10 

1.00 

.13 

1.00 

.14 

.92 

.15 

Both 

1.10 

.06 

1.02 

.07 

.96 

.10 

.78 

.13 

.80  .05 

Right 

1.06 

.05 

.94 

.14 

.38 

.07 

.82 

.10 

Left 

l.lh 

.12 

1.06 

.12 

.92 

.13 

.86 

.li) 

Table  7  summarises  the  results  of  the  analyslc  of  variance  performed 
on  all  but  the  5  g  acuity  scores.  The  differences  in  the  scores  for  three 
of  the  primaiy  effects,  are  interpreted  as  significantly  different  from 
chance  as  indicated  by  the  P  tost.  The  F  ratio  for  acceleration  is  signifi* 
cant  at  th?  1  per  cent  level  of  confidence  whereas  the  ratios  for  sub.iects 

Table  7 

Analysis  of  Varlano>»  of  Binocular,  Right  Fye,  and 
Left  I^e  Visual  Acuity  Scores  for  Seated  Body  Position 


iSUCSS _ _ Mean  Spuare _ 2. 


Accelerations 

3 

38.34 

14.92*'* 

Subjects 

4 

10.22 

3.98* 

Distances 

1 

3.33 

1.70 

ijyes 

2 

7.91 

b.88* 

AxS 

12 

2.57 

3.52** 

AxD 

3 

1.82 

1.46 

SxD 

4 

1.96 

1.57 

Ax£ 

6 

.25 

.32 

SxE 

8 

1.62 

DxE 

? 

.91 

S.'V# 

AxSxD 

12 

1.25 

l.Vl 

AxSzB 

24 

.77 

1.05 

AxDxZ 

6 

1.03 

1  41 

SxDxE 

3 

.47 

.64 

24 

.... _ .73 _ 

•P  >  .05 
**P  > .01 
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figure  6.  Mteut  of  tho  Binocular  Acuity  Scoret 
at  Sach  Gravity  Condition 

and  tyee  are  algnlf leant  at  the  5  P<*t  cent  level  of  confidence.  A  similar 
analysis  perfonned  on  the  hinocular  data  reveals  that  accelerations  and 
subjects  are  the  only  major  source  of  variance  and  the  F  ratios  of  20.82 
and  5.10  are  significant  beyond  the  1  per  cent  leve.l  of  confidence.  Inis 
analysis  is  suomarlsed  In  Table  8. 

The  results  of  this  experioent  appear  particulf.rly  olenlficant  if  we 
consider  the  interpretation  given  by  V/arrick  and  Lund  (26)  to  their  data. 

Table  8 

Aneilysis  of  Variance  of  the  Binocular  Visual 
Acuity  Scores  for  Seated  Body  Position 


Source  of  Variation 

df 

Kean  Souare 

F 

Accelerations 

4 

17.28 

20.82* 

r*..v  j 

CUvjtrc  VO 

4 

S.IO* 

Distances 

1 

2.88 

i.57 

AxS 

16 

.83 

SxD 

4 

1.83 

1.20 

AxD 

4 

2.08 

1.36 

l6 

_ US3 _ 

•P>.01 
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(NOUtJON  IWHIOXl  Aunov  ivnsiA 


These  Investieatora  foutd  an  impairment  in  ability  to  read  inotiTiraent  dials 
at  3  g,  as  compared  to  1.5  gt  the  seated  position.  A  slgnli leant  differ¬ 

ence  in  reading  errors  was  fo^^ld  between  the  two  g  conditions.  They  conclu¬ 
ded  that  the  probable  cause  of  the  decrease  in  psrfonnancs  was  a  reduction 
in  blood  suprly  to  the  eye  or  brain.  Our  data  from  the  seated  and  semi¬ 
supine  experiments  indicate  that  the  Increase  in  the  force  environment 
results  in  a  lowering  of  visual  acuity  but  that  this  change  is  not  a 
function  of  diminished  cerebral  circulation.  Therefore j  the  above  men¬ 
tioned  impai  TTBont  In  reading  performance  could  be  acc(r,.nted  for  by  reduced 
visual  acuity  associated  with  Increnaed  g  rather  than  by  cerebral  hyr  :1a. 


¥ 


I 


I 


§ 
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Figure  7.  Means  of  the  Right  IJye  and  Means  of  the  Left  2iye 
Acuity  Scores  at  Each  Cravlty  Condition 


Experiment  3*  Supine  Position 

The  Jesuits  of  this  thijrd  experiment  are  svcnraariced  in  Table  9  and  In 
Figures  8  and  P. 

The  summai'ies  of  the  statistied  analyses  of  the  data  are  given  in 
Tables  10  and  11.  In  the  first  of  these  tables  are  the  F  ratios  resulting 
from  the  analysis  of  bincoular.  rlrht  and  left  eye  data.  The  n^nity  ecoree 
at  7  g  are  not  included  in  this  analysis,  since  comparable  values  of  g  were 
not  used  in  the  measurement  of  right  and  left  eye  acuity. 


Two  of  the  main  effects,  hccslsratlcnc  and  subjects,  sake  siguificani 
contributions  to  the  total  variance  of  the  acuity  scores.  The  interactions 
of  Bubjecto  and  eyes,  and  the  interaction  of  accelerations,  subjects  and 
distances  is  significant  at  the  5  per  cant  level  of  confidence.  In  Table 
11,  which  contains  the  results  of  the  analyeis  of  the  binocular  scores, 
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Table  9 


Moano  and  Standard  Deviations  of  Victual  Acuity  Scores  by 
G  leyol  for  Supine  Posit: ca  {&5) 


6  Values 

1  i 

a 

L  u 

6  I 

7 

SJjroe 

Mean 

S.D. 

Mean 

S.D. 

Mean  f 

5.D. 

Mean  S 

.D. 

Mean 

S.D. 

Both 

1  ■'n 

.10 

.96 

.14 

.98 

.12 

.90 

.09 

.68 

.12 

FAH  Right 

i.i6 

.10 

.9h 

.14 

1.00 

.11 

.83 

.10 

left 

1.12 

.15 

.94 

.19 

.92 

.16 

.86 

.14 

Both 

1.10 

.11 

.88 

.12 

.94 

.14 

.72 

.15 

.70 

.11 

NEAR  Right 

l.lh 

.08 

.98 

.13 

.90 

.14 

.76 

.14 

Left 

1.12 

.12 

1.0 

.09 

.90 

.14 

.88 

.1  j 

there  are  two  significant  contributions  to  the  total  variance.  As  in  the 
proceeding  experiments,  the  acceleration  factor  is  significant  at  the  1 
per  cent  level  of  confidence.  The  other  significant  contribution  Is  tnat 
of  subjects.  The  P  ratio  of  390^  fo*"  subjects  is  significant  at  the  1  per 
cent  level  of  confidence.  This  latter  finding;  is  not  surprising  since  indi¬ 
viduals  differ  in  their  ability  to  withstand  radial  acceleration  and  a  given 
individual's  tolerance  to  acceleration  changes  from  time  to  time. 


Figure  3.  Means  of  the  BinocTjlar  Acuity  Scores 
at  Jach  Gravity  Condition 
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VISUAL  ACUITY  {OeCtMAL  HOTATtON} 


Table  10 


Analysis  of  Variance  of  Binocular,  Bight  l!ye,  and 
loft  Bye  Vistial  Acuity  Scores  for  S\:5)ine  Body  Position 


_ _  HtaB^Saiiaa _ 


Acoelprationo 

3 

iniiiiiiiminQ^if[^]iinimiiii 

108.19** 

Subjects 

k 

35.68 

32. 98*'* 

Distances 

1 

5.21 

3.89 

JJyes 

2 

.26 

.27 

AxS 

12 

.43 

.93 

AxD 

3 

1.34 

1.22 

StD 

U 

.27 

.24 

AxX 

6 

.60 

2.22 

S:dE 

8 

.97 

2.69* 

DnE 

2 

2.80 

4.38 

AtSxD 

12 

1.10 

2.39 

AxSxS 

24 

,36 

.78 

AxDxZ 

6 

.64 

1.39 

SxDjcS 

8 

.56 

1.22 

AxSxBxS 

24 

.46 

*p  >.05 
••p  >.01 


Fifnire  9.  Moan?  of  the  Eight  end  Means  of  the  left  l^e 
Acuity  Scores  at  Sach  Gravity  Condition 
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Table  11 


Analysis  of  Variance  of  the  Binocular  Visual 
Acuity  Scores  for  Supine  Body  Position 


Syurvv  pf-JaflaUva _ it. 


Accelerations 

4 

Subjects 

4 

Distances 

1 

AxS 

16 

SxD 

4 

AxD 

4 

AxSzD 

16 

Jtfwa  ggyflCT - L 


27.27 

75.75** 

14.17 

39.36* 

5.78 

4.35 

.36 

.73 

.i3 

.26 

i.33 

.49 

2.71 

«?  >  .01 


llxperluent  4:  Semlsupina  Position 

This  experiment  Is  similar  to  the  seated  position  experiment  in  that 
S  force  is  applied  at  ri^ht  aisles  to  the  lines  of  Tieual  regard.  Hotrerer, 
the  body  position  Ic  arranged  to  minimise  circulatory  stress  eiasoeiated  with 
radial  acceleration.  The  data  gathered  on  Timial  acuity  in  the  semis'v^ine 
position  are  shown  in  Table  12,  Pigures  10  and  11.  It  is  to  be  noted  that 
this  experiment  differs  from  the  preeeedli^  three  experiments  in  that  orJy 
fom  alues  of  g  were  used  and  that  acuity  measures  were  made  on  the  right  and 
left  w/ee  at  the  maximua  g  lerel.  Maximum  g  was  arbitrarily  set  at  5  Bt  wl&es 
the  trends  in  the  acuity  scores  were  already  established,  and  time  was  pressing 
due  to  other  commitments  of  the  centrifuge. 

The  j.*esult8  of  the  etatistical  analyses  are  glwen  in  Tables  I3  and  14. 

The  first  of  these  tables  aumaarlses  the  analysis  of  Tarianoe  perforaed  on  all 
the  Tlsuel  acuity  scores.  Aoceleratl'**  forces  ore  again  a  significant  contri¬ 
butor  to  the  total  variance  of  the  acuity  scores.  As  in  the  preceeding  expex^ 
iments  the  variance  due  to  subjects  is  significant.  The  statistical  analysis 
of  the  bln.cular  acuity  data,  which  is  given  in  Table  14,  shows  that  two  of  the 
main  effects  and  one  interaction  are  significant.  The  F  ratios  for  accelerations 
and  subjects  are  significant  at  the  1  per  cent  level  of  confidence.  The  inter¬ 
action  between  subjects  and  distance  it  statistically  significant,  but  the 
theoietlcal  signifioanoe  of  this  result  is  not  apparent  at  this  tine. 

Table  12 


Means  and  Standard  Deviations  of  Visual  Acuity  Scores  by 
0  levs!  for  Semisupine  Position  (ll«5) 


0  Values 

_ 1 _  1 

L  3 

4 

iiyes 

Mean 

S.D. 

Mean 

TTUr 

Mean 

TTEfT 

Mean 

'S.  D. 

Both 

1.10 

.09 

.94 

.10 

.94 

.08 

.78 

.07 

PAR  Sight 

1.14 

.14 

.92 

.07 

.92 

.10 

.80 

.06 

left 

1.02 

.10 

.92 

.10 

or, 

• 

1  < 

•  A* 

•  t  w 

Both 

1.04 

.12 

.9'* 

.10 

.86 

.30 

.86 

.15 

Right 

1.02 

.12 

.90 

.06 

.92 

.04 

.82 

.12 

Left 

1.06 

.08 

.94 

.14 

.88 

.07 

.86 

.19 

20 
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inalyals  cf  Variance  nf  Binocular,  Right  %e,  and 
Left  SIjre  Visual  Acuity  Scores  for  Seaisupine  Body  Position 


_ gslUISS - 

Accelerations 

a. 

> 

32.07 

25.65** 

Subjects 

k 

11.47 

9.18*- 

Distances 

1 

.03 

.01 

Sirs  8 

c 

.26 

.13 

Axis 

12 

1.25 

2.91* 

AxD 

•> 

-/ 

1.97 

4.46* 

SxD 

4 

2.52 

5.86** 

A:^ 

6 

.22 

.21 

SxE 

8 

1.98 

1.85 

3>rE 

2 

1  16 

.89 

AxSxD 

12 

.^3 

1.00 

AxSxS 

24 

1.07 

2.49* 

AzDxS 

6 

.48 

1.12 

SxBxS 

8 

1.30 

3.02-* 

AxSxDxX 

24 

.43 

**P  >.05 

•••P  >-.01 

Table  14 

Analysis  of  Variance  of  the  Binocular  Visual 

Acuity  Scores 

for  Semisupiue  Body  Position 

df 

_T 

Accelerations 

3 

10.89 

17.56** 

Subjects 

4 

4.54 

?.32** 

Distances 

1 

.22 

.08 

AxS 

12 

.62 

1.03 

SsD 

4 

2.79 

4.62* 

AxD 

3 

1.29 

2.15 

AxSzD 

12 

.60 

•  >-.05 

**  >-.01 


Coaparison  of  Perfoznance  for  the  Tour  Body  Positions 

The  second  aajor  analysis  perfsrssd  on  the  dula  o'otained  In  this  study 
Inrolred  a  coaparison  hetveen  acuity  scores  obtained  Igr  each  subject  at  the 
four  body  po8iti''ns  under  two  yalnes  of  *:  (1  and  k),  S>ich  an  analysis  Is 
coapllcnted  by  the  fact  that  the  sane  subjects  did  not  sezre  in  all  the  ax- 
pcriaents  sr.d  that  soae  of  the  subjects  served  lo  aore  than  one  experlaent. 
iy  referring  to  Table  I  it  it  possible  to  see  which  experlnents  any  one  of 
the  nine  subjcctf  served,  fho  analysis  of  the  data  for  the  effect  of  body 
positions  on  binocular  visual  acuity  was  acooaplishod  by  the  use  of  a 
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ACUITY  (OeaHHAL  NOTATION) 


Flgtir©  10 J  Means  of  the  Binocular  Acuity  Scores 
at  Each  Gravity  Condition 


V  UNITS 


"G"  UNITS 


Pleura  11,  Metvno  of  the  Rieht  I^e  and  Means  of  the  Left  i^ye 
Acuity  Scores  at  Each  Gravity  Condition 
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hierarchal  statieticaJ.  model  (16).  The  two  levels  of  acceie::«tion  were  selec 
ted  t.e  components  of  the  design  since  they  wer«f  the  only  two  values  common  to 
all  esperiaer.tc.  Ths  sjialyeis  of  the  acuity  data  r/y  this  procodiutt  is  sun- 
marisf.d  in  Table  15* 


Table  If 

Analysis  of  Variance  of  the  Binocular 
Visual  Acuity  Scores  for  All  Body  Poaitions 


Source  of  Variation _ .df _ Me*yi  Souare - £ 


Distances  (D) 

1 

S.jk 

7.36* 

Positions  (P) 

3 

7.hh 

1.00 

Accelerations  (A) 

1 

310.54 

135. fl** 

Subjects (S)wi thin  positions 

16 

7,ii6 

14.63** 

£ve  Combinations  (E) 

2 

0.205 

SW  *  A.  • 

DxP 

3 

2.b5 

3.04 

DxA 

1 

0.200 

0,27 

DxS  within  positions 

16 

0.807 

1.58 

DxE 

2 

3.24 

4,87* 

PxA 

5.78 

2.52 

PxE 

6 

1.29 

1.69 

AxS  within  positions 

16 

2.29 

4.49** 

AxE 

2 

0.085 

0.13 

SxS  within  positions 

32 

0.762 

i.49 

DxPxA 

3 

1.50 

2.02 

DrFxE 

6 

O.5O1O 

0.75 

DxAxS  within  positions 

16 

0.743 

1.46 

DxAxH 

2 

0.310 

0 ,6i 

DxSij:  within  nosltions 

32 

0.665 

1.30 

PxAx£ 

6 

0  450 

0.71 

AxSxE  within  positions 

32 

0.634 

1.24 

DxFsAxE 

6 

0.773 

i.52 

DxAxSxE  within  positions 

32 

0.51c 

•P  .05 

**P  .01 


The  most  significant  factor  as  shown  in  Table  If  is  the  accelerative 
.'’orces.  Tids  ¥  ratio  is  significant  at  the  1  per  cent  level  of  confidence. 
Such  a  finding  is  consistent  with  the  results  of  analyses  reported  earlier, 
flgnifiivant  F  ratios  were  also  found  for  the  variables  of  distance  and  sub^ 
Jects  within  positions  and  for  two  of  the  Interactior'. .  The  interaction 
between  accelerations  and  subjects  within  positions  onr.ailerrd  to  be  sig¬ 
nificant  at  the  1  per  cent  level  of  confidence.  The  interaction  between 
distances  and  eye  conbinations  is  tignif leant  at  tne  5  per  cent  level  of 
confidence.  It  must  be  pointed  out  that  in  this  analy.-is,  acceleration 
'-T.'’  considered  uS  a  constant  factor  which  means  that  no  reliable  generali¬ 
zation  can  be  made  to  other  values  of  gravitational  stress.  However, 
certain  interpretations  may  be  given  the  results  which  appear  to  be  sug¬ 
gestive  of  further  research. 


v.'AIX:  TH  <6-2h7 


23 


The  analysis  of  the  visual  acxiity  scores  across  ail  body  positions  makes 
peasible  the  statement  that  these  positions  did  sot,  in  theBsslres,  have  a 
significant  effect  on  the  acuity  scores  obtained  under  the  1  and  %  conditions. 
The  significant  interaction  between  accelerations  and  body  positions  is  inr- 
teipreted  to  mean  ttiat  visual  acuity  scores  for  the  different  body  positions 
are  affected  differently  by  gravitational  stress.  Ths  contribution  to  the 
total  variance  made  by  distance  and  the  second  order  interactions  provides  a 
measure  of  support  for  an  hyrotheais  that  will  be  8uee«nt®a  later  to  account 
for  the  change  in  visual  acuity  under  gravitaticaal  stress.  This  second  or* 
der  interaction  is  Intei'pret®^  mean  that  the  interaction  between  distances 
and  positions  is  different  at  the  two  levels  of  acceleration  used  in  the  anal¬ 
ysis. 


In  this  studj’  the  assumption  was  made  that  no  difference  would  be  found 
between  mean  visual  acuity  measured  with  the  subject  "seated  comfortably"  in 
front  of  the  Oricho~Bater  and  the  acuity  scores  obtained  with  the  subject  In 
any  one  of  the  protective  body  positions  under  the  condition  of  1  g.  Thie 
assumption  was  tested  with  the  t  test  and  found  tenable.  Such  a  finding  is 
inconsistent  with  the  results  reported  Chamwood  (6).  He  made  a  compari¬ 
son  between  visual  acuity  for  subjects  in  the  supine  and  seated  position  with 
letter  recognition  as  a  test  of  acuity  and  found  higher  acuity  scores  for  sub¬ 
jects  in  the  seated  position. 


DlSCtJSSloa 

in  ezsmination  of  these  data  suggests  several  hypotheses  to  account  for 
chaises  in  visual  acuity  under  gra'^tational  stress.  These  are  listed  below. 
They  are  intended  to  be  neither  matually  exclusive  nor  eiduraetive. 

1.  Deterioration  of  the  physiological  imige  due  to  retinal  ischemia  or  edema. 

It  has  bsec  shown  (l?)  that  centrifugal  force  induces  visual  symptoms 
by  causiig  a  deczease  in  blood  pressui«  at  sye  level.  Is  it  possible,  then, 
to  account  for  the  date  obtained  in  thie  study  by  hypothesising  a  deterioration 
of  the  physiological  ima^e  due  to  reduced  cerebral  cireulationT  In  the  case 
of  the  prone,  sqpine  and  semis\:Q>lne  potitione  no  direct  measures  of  cerebral 
blood  pressure  hare  been  reported.  However,  the  subjective  data  referred  to 
by  Antstrong  (1)  would  indicate  that  in  these  protective  positions  none  of  the 
us\ml  visual  symptoms  of  increased  g  would  be  expected  even  at  the  highest  ac¬ 
celerations  used  in  thie  study.  Such  reports  are  in  accord  with  the  view  that 
any  reduction  in  the  hydrostatic  distance  between  the  heart  and  eye  will  result 
in  higher  g  tolerance. 

In  the  case  of  the  seated  position  continuous  observations  (20)  have  been 
;  ade  on  radial  arterial  pressure  at  head  level.  These  observations  show  that 
a  two  minute  5  g  run  produces  an  initial  drop  (almost  to  sero)  in  arterial 
pressure  which  lasts  for  six  to  seven  seconds.  After  this  time  the  vasopres¬ 
sor  response  to  reduction  in  pressure  t^Jees  effect  and  blood  pressure  is  sus¬ 
tained  above  symptom  level.  In  this  study,  the  meaeurement  of  acuity  was  not 
begun  vmtil  10  seconds  after  peak  acceleration.  Therefore,  the  initial  reduc¬ 
tion  in  blood  pressure  does  not  appear  to  be  a  factor  when  the  subject  is  in 
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thft  seated  positloo.  Although  no  recordii^c  of  radial  arterial  preaeure  at 
head  ievel  in  the  senieuplae  ‘nosiiioa  are  available  it  ia  logioa}.  to  8uppo?e 
a  einilar  patteni  of  pressures,  although  of  different  magnitude,  would  h«  ob¬ 
tained. 

Another  argument  for  ateuDlng  that  visvai  acuity  ebangae  are  due  to  tixa 
effect  of  cardiovattcuiar  maehanics  would  poetulate  retinal  edema.  Ihm  loen 
of  vision  with  increased  arterial  preeeure  it  reported  (18)  to  be  eaueed  tgr 
edema  in  and  around  the  retina.  Such  edema  would  be  analgous  to  the  pooling 
of  blood  in  the  lower  extremitiee  when  centrifugal  force  ie  allied  parallel 
to  the  long  axis  of  the  body.  A  teet  of  this  retinal  edema  hypotheeie  warn 
attempted  by  measuring  vieoal  acuity  immediately  after  each  experimental  ran. 

A  eom-oarieon  between  these  meaeuree  end  thoie  teken  before  an  experimental 
run  were  interpreted  ae  not  differing  elgnifieaatly,  ae  indicated  by 
t|ie  t  teet.  The  oolleotion  of  theee  data  was  dieeontinued  after  the  com¬ 
pletion  of  the  first  experiment.  The  weakness  of  such  evidence  lies  in  tie 
fact  that  the  acuity  meaeurement  made  after  each  oxperlmexsal  run  could  have 
eampled  thia  visual  function  when  the  effects  of  edema,  if  amyt  had  been  die- 
eipated.  Perh^e  the  more  eeneitive  teet  of  the  hypotheeie  wovdd  be  made  with 
the  Bardlnger^e  brueh  teat  (U).  Thie  teet  of  the  function  of  the  macula 
lutea  makes  possible  the  determination  of  retinal  edema  independent  of  vle- 
ual  acuity.  The  teet  could  be  adminletered  during  the  street  conditions. 

In  summary,  ths  svidenoe  indicates  that  any  alternative  interpretation 
of  the  er^rimental  resulte  muet  rest  on  some  grounds  other  than  deterioration 
of  the  phyeiolqgioal  imege  due  to  retinal  eeehemia  or  retinal  edema. 

2.  Involvement  of  the  autonomic  nervous  aystem  acC  its  effect  on  visual  eeai\y. 

General  disorientation  due  to  g  street  in  the  centrifuge  eituatlon  could 
affect  even  the  most  erqjerienoed  obeervere.  Anxiety  or  fear  ie  eharaeterlsed 
by  many  oomblimtions  of  body  charts.  One  of  tbe  eomsion  manifeetatione  of 
euch  reactions  is  a  change  in  pvpll  diameter.  Another  poeeible  reexilt  of 
■ympathetie  Involvement  Is  cuggeeted  in  a  report  by  Olmeteaii  (23)*  idio  hat 
demonstrated  that  the  lent  of  an  animal  eye  ie  made  hypezmetropio  by  etlaor 
lation  of  the  eympathetic  system  and  myopic  by  stimulation  of  the  paraaympa- 
thetio  component  of  the  oculomotor  nerrve.  The  effect  of  pupil  siie  on  acuity 
could  be  oorrceted  by  the  incorporation  of  artificial  pupils  into  the  Ortho- 
Rater.  Thie  ohasge  vou.1^,  however,  require  a  more  rigid  support  for  tbs 
subject's  head  than  vae  required  in  tbe  pzmsent  study.  However,  no  convenient 
experimental  control  vovild  be  available  if  the  reeulte  reported  by  Olnstead 
were  shown  to  be  important  deterainents  of  acuity  perfonianoo  under  gravitat¬ 
ional  street. 

3.  uhanges  in  the  chape  of  the  eyeball  and  refracting  surfaces. 

If  an  incT«a8#  in  g  force  caused  the  posterior  pole  of  the  eyeball  to 
flatten,  the  eyo  would  bocome  effectively  hypeiEetrcpie  and  this  rsfraovlve 
error  couJA  be  comporisated  for  by  accosnoodatlon .  However,  if  the  nechanical 
forces  resultice:  from  increased  g  should  aspherically  deform  the  refracting 
surfaces  of  thn  c<!rnea  or  the  lens,  a  decrease  In  both  far  and  near  acuity 
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wolild  >>€  expected,  k  hypothesis  of  this  sort  would  be  difficult  to  exoBine 
in  the  experimental  oltuatioa  bccRUse  of  problems  aseoeietod  with  optical 
ali£:nment  between  the  eye  and  meaBurlng  apparatus,  is  a  first  approach  to 
the  test  of  the  defoimation  hypotheeis,  measurements  would  be  made  ^or  astig¬ 
matic  errors.  The  standard  Ortho-Bater  can  be  equipped  with  these  astigmatic 
test  plates.  If  the  presence  of  aetigmatic  errors  Is  corsidered  ae  a  factor 
in  these  experiments  it  may  be  concluded  that  acuity  measurements  made  under 
streos  couultlons  would  vary  as  a  f'unotlon  of  the  types  of  acuity  target?  em¬ 
ployed  to  measure  this  function,  r.ioaa,  st  al  (2h),  has  shown  that  for  aotig- 
matlc  errors  of  1  diopter  or  more,  acuity  measured  wj.>h  the  checkerboard  tar¬ 
get  is  significantly  higher  than  that  measured  with  letter  type  test  objects. 

if.  Displacement  of  the  ciystolline  lent  in  the  direction  of  grarity. 

Finebaa  (9)  has  shown  that  in  high  degrees  of  accommodation  the  lens  is 
displaced  in  the  direction  of  gravity.  Using  ycui^  subjects  he  found  a  dif¬ 
ference  of  over  one  diopter  between  the  values  of  the  near-point,  with  vision 
directed  downward  and  xipwari.  He  concludes  that  with  forward  movement  of  the 
lens  the  focus  within  the  eye  is  brought  forward  and,  therfore,  in  order  to 
bring  the  image  baok  on  to  the  retina,  the  object  may  be  brought  nearer  to 
the  eye.  These  findings  hoar  directly  on  the  data  obtained  in  this  study  be¬ 
cause  similar  changes  in  lens  position  may  be  expected  as  a  function  of  grav¬ 
itational  stress.  Let  us  examine  the  lens  movement  hypotheeis  and  one  means 
of  subjecting  it  to  experimental  verification. 


The  prone  position  will  serve  as  an  example.  If  the  lens  is  displaced 
la  tho  oirectlon  of  gravity,  and  If  the  dfvgroe  of  accoiru-aodation  is  slightly 
beyond  the  near  point,  the  consequent  blun-ing  of  the  optical  image  can  be 
corrected  by  decreasing  accommodation.  However,  if  the  non-hypenaetroplo 
eye  is  unaccommodated  and  the  lens  it  displaced  in  the  direction  o.  gravity, 
it  would  not  be  possible  to  focus  the  retlwil  image  shaiply  by  chA.^8  In 
the  accommodative  appemratus.  It  is  interesting  to  nute  that  the  reverse  of 
this  situation  would  be  predicted  for  the  supine  position,  for  here  the  grav¬ 
itational  displacement  would  have  its  greatest  effect  on  the  near  acuity  func¬ 
tion.  There  is  some  evidence  to  support  this  tentative  explanation  of  the 
•nrogresslvo  change  la  acuity  with  g.  Howover,  any  attempt  to  intorpi'et  the 
data  only  serves  to  emphasise  the  lack  of  crucial  sxperlmcntation  Ic  the  sova 
of  near  and  far  visual  acuity.  Having  considered  tne  data  obtained  wltn  tne 
subject  in  the  prone  position  and  having  decided  that  tho  resulting  loss  in 
acuity  is  equivalent  to  a  refractive  error  of  one  diopter,  let  us  eoe  what 
change  in  the  dioptric*  of  the  eye  would  result  11  the  lens  moved  rb  muoh  as 
2  mm  closer  to  the  posterior  surface  of  the  cornea.  In  (hillstrand’s  (26) 
schematic  eye  the  distance  between  the  roar  surface  of  the  ..jrnea  and  the 
first  juri acv  of  the  lens  (the  anteiiut  oiusjuber)  is  3*1  the  depth  of 

the  anterior  v,.iaEber  is  reduced  by  2  mm  the  total  power  of  the  optical  system 
is  increased,  from  the  *58.64  of  the  Rullstrand  eye  to  a  power  of  60.87  dioptsre. 
As  a  result  of  the  ossumod  change  in  len?  p'^sitlon,  the  Gullstrand  eye  is  i.ov 
2=23  dioptere  myopic.  Since  maximum  cliasgs  in  acuity  in  the  prone  posllioa 
vac  set  at  one  diopter  refractive  error,  It  in  unnccessniy  to  assume  a  lens 
movement  as  much  as  2  mm. 
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A  test  of  the  hypotheoia  of  lene  displacement  night  he  made  hy  repeating 
the  prone  or  aupine  expcr'rante  with  the  interposition  of  cpthalmlc  lenses 
■between  the  eye  etna  the  Ortho-Hater,  If  it  were  possible  to  correct  the 
hypothesised  refractive  error  by  this  technique  it  would  be  possible  to  ac¬ 
cept  the  hypothesis  of  lens  raoveaent,  and  i-iske  additional  inquiries  into  the 
effects  of  gravity  on  accommodatloa  In  general.  However,  no  simple  rvlations 
wotdd  be  ejqjected. 


SUMMAFJr  ANv  COKC"*JSIOKS 

These  experiments  were  designed  to  determine  the  relation  between  grav¬ 
itational  stress  and  visual  acuity  when  the  factor  of  cerebral  circulatoiy 
competence  is  minimised  by  the  use  of  protective  measures  known  to  ameliorate 
the  gross  visual  symptoms  associated  with  an  Increase  in  the  force  environment. 
Orcvltationai  stress  was  produced  experimentally  bj'  the  AMI  hui'in  centrifuge. 
Visual  acuity  was  measured  with  checkerboard  targets  standard  with  the  Ortho- 
Bater. 

The  following  basic  ilndings  resulted  from  an  analysis  of  the  data  gath¬ 
ered  from  this  experiment: 

1.  Gravitatlonei  etress  hae  a  signiflcftrt  and  progressive  effect 
on  visual  acuity. 

2.  The  observed  changes  In  visual  acuity  cannot  be  accounted  for 
by  reduced  cerebral  circulntlcn, 

3.  Three  other  factors  have  been  hywithealved  t.o  AcC'^unt  f''r  th* 
differences  In  visual  perfomance  during  gravitational  stress: 

a.  Involvement  of  the  autonomic  nervous  system  and  its  effect 
on  visual  acuity. 

b.  Changes  in  the  share  of  the  eyeball  or  refracting  surfnees. 

c.  hisplaceacnt  of  the  cryst.iilins  lens  In  the  direction  of 
gravity. 

The  lens-dirplacement  hypothesis  ir  tentatively  accepted  to 
acoo’jnt  for  the  observed  acuity  chy.Tges  obtclned  under  grav- 
itstional  otrer-o. 

It  chould  be  noted  that  this  Is  cne  -  6t-rlrB  of  fi-.uJles  of  the  relation 

ui  euvlioittse.'i  al  stress  to  visual  functions  and  toot  further  Inquiry  'sny  clar¬ 
ify  some  visual  mechanisms  that  would  otherwise  be  difficult  to  exanlt.e. 
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